Patients with keloids usually seek treatment for cosmetic reasons, pain, pruritis or restriction of motion. Various treatment modalitiesused as isolated treatments or in combination -have been suggested, but all with unsatisfactory results, with reported recurrence rates of between 0% and 100% (5) . These include surgical excision, whether intralesional or total (1, 17) , repeated palliative surgical excision (18) , prolonged pressure for four to six months (1, 19) , pressure with magnets (20) , repeated intralesional corticosteroid injections (1, (19) (20) (21) , irradiation (22, 23) , interstitial brachytherapy (24) , silicone gel application (25) , pulsed-dye (26, 27) and carbon dioxide laser therapy (28), cryotherapy (29) , and anecdotal applications of formalin, pepsin, antifungals, alpha-tocopherol, putrescine and retinoids (1) .
Because the pivotal element in the pathogenesis of keloids appears to be the fibroblast, it is only logical to devise therapeutic protocols focusing on inhibiting its effects. One of these involves the use of 5-fluorouracil (5-FU), a pyrimidine analogue with antimetabolite activity that was shown to inhibit fibroblast proliferation in tissue culture and also following trabeculectomy for glaucoma (30) . Initially, repeated applications were used; however, it was later found that single topical applications were sufficient to permanently inhibit fibroblast proliferation (31) .
Following the same principle, the use of 5-FU was extrapolated to treat keloids and, in a pilot study performed by Uppal et al (32) , irrigation of the wound with 5-FU for 5 min during excision of an existing keloid was found to significantly reduce fibroblast activity, as indicated by the reduction in the levels of the immunohistochemical antigens Ki-67, vascular cell adhesion molecule-1 and TGF-β-1, leading to BACkground: Keloids may complicate wound healing secondary to trauma, inflammation or surgical incision. Although various treatment modalities have been used with variable degrees of success, overall recurrence rates have remained unacceptably high. MEthodS: The present study involved 80 patients with keloids of at least one-years' duration. Following total surgical excision of the keloid, a single dose of 5-fluorouracil was injected into the edges of the healing wound on postoperative day 9 together with botulinum toxin. The concentration of 5-fluorouracil used was 50 mg/mL and approximately 0.4 mL was infiltrated per cm of wound tissue, with the total dose <500 mg. The concentration of botulinum toxin was 50 IU/mL with the total dose <140 IU. rESultS: Patients were followed-up for 17 to 24 months and a recurrence rate of 3.75% was found, which was significantly lower than in previously reported studies using other therapeutic modalities. ConCluSion: The author recommends that this treatment be routinely applied to all keloids because it is significantly more effective than those described by other authors. clinical improvement in the five patients involved in that study. Other studies have used repeated injections of 5-FU and reported improvement in keloids (33) (34) (35) .
Botulinum toxin type A induces chemodenervation through its action on the presynaptic neuron and was used to improve the appearance of wounds (36) , and has also been used as a new treatment for keloids (37) .
Combining this scientific base, the present study involved 80 patients with keloids that were surgically excised and injected with 5-FU and botulinum toxin nine days later.
MEthodS
Between October 2008 and September 2011, 80 patients with documented keloids of longstanding duration (range one to four years; mean 1.3 years) were involved in the present study. Scars <1 years' duration (1,4) or not extending beyond the limits of the original lesion (2,3) were excluded from the present study, as well as patients with postburn keloids due to the possible effect of burn blister fluid on fibroblast contraction (38) . The uniform complaint of all patients was cosmetic deformity; 46 (57.5%) patients experienced associated troublesome pruritis. Patients' age ranged from 16 to 42 years (mean 24.7 years); the ratio of males to females was 3:5.
Twenty-six (32.5%) keloids were presternal, 20 (25%) were facial, 14 (17.5%) were on the trunk, 12 (15%) in the ear lobe and eight (10%) on the arm. Iatrogenic surgical incisions accounted for 40 keloids (50%), traumatic cut wounds for 22 (27.5%), ear lobe puncture for 12 (15%) and skin infections for six (7.5%) ( Table 1 ). All keloids had previously undergone therapeutic attempts by other physicians, with more than one modality used in 30 patients. The most commonly used method was intralesional triamcinolone injections (72 patients), topical silicone gel (32 patients), previous surgical excision (30 patients), laser resurfacing (four patients) and irradiation (34 patients).
All patients were unhappy with the results of previous treatment(s), and consented to undergo surgery followed by 5-FU and botulinum toxin injections. Under local anesthesia, total extralesional surgical excision (28) of the keloid was performed and, after minimal undermining, primary closure of the wound in layers was achieved in all cases. A running subcuticular prolene 4/0 stitch was used to suture the skin. The wound was left alone for eight days; on the ninth day, wound edges were injected once with 5-FU and botulinum toxin at concentrations of 50 mg/mL and 50 IU/mL, respectively. A 1 mL Luerlock syringe with a 30-gauge needle was used and injection was both intradermal and subdermal. Repeated alternate punctures were used to bathe the wound edges with the drugs. Approximately 0.4 mL of neat 5-FU (50 mg/mL) (33, 34) and 20 IU botulinum toxin (50 IU/mL) were infiltrated alternately per cm of wound tissue, with the total dose injected kept below 500 mg and 140 IU, respectively. The wound was painted with 5% lidocaine prilocaine cream (Emla, Astra, Sweden) 45 min before the injection to achieve local anaesthesia. Laboratory tests, before or after the injection (30, 31) , were unnecessary. The wound was then resealed until postoperative day 14, at which time the subcuticular stitch was removed.
No postoperative medications were given to any of the patients; however, all were advised to avoid direct sun exposure for the following month. No concomitant applications (eg, compression, steroid injections, etc) were used in any of the patients. All patients were reviewed once per month for two years.
rESultS
The follow-up period ranged from 17 to 24 months (mean 19.6 months) and, in all cases, definite improvement compared with the pretreatment state was apparent. Local adverse reactions included pruritis in eight patients (10%) that gradually subsided over time and with the use of topical antihistaminic creams; pain in seven patients (8.75%); burning sensation in four patients (5%); and residual postinflammatory hyperpigmentation in two patients (2.5%). All of these were evident during the first two to four weeks postinjection, then gradually disappeared over time. Residual redness of the scar was a common problem that occurred in all scars and persisted for almost six months after the injection.
No other complications were encountered in the postoperative period, except in one (1.25%) patient who experienced partial wound dehiscence. The area of gaping was quite small and healed by repeated dressings over a three to six week period, with no need for secondary suture.
Three (3.75%) patients experienced a recurrence: in two patients, the recurrence was incomplete and the extent of keloidal formation was definitely less than in the pretreatment stage; recurrence was complete in one patient with multiple keloids on her back (Figure 1 ) -in retrospect, however, these were recalled as being sutured under tension.
A common complication encountered in 11 (13.75%) keloids was late widening of the scar. This was unattractive to most patients, with one-half opting to undergo corrective surgery at a later date.
Regarding the cosmetic problem, which was the initial complaint of all patients, a previously described subjective scale (39) was used to assess the improvement. Sixty-seven (83.75%) patients rated the improvement as significant, 10 (12.5%) patients as slight and unchanged by the three (3.75%) patients who experienced recurrence. None of the patients rated the appearance to be worse. Representative cases are presented in Figures 1 to 8. 
diSCuSSion
In recent decades, multiple studies investigating keloid formation have been conducted, leading to a plethora of therapeutic strategies. However, no clear guidelines have been published, likely due to the poor understanding of the complex underlying mechanisms (5). Published therapeutic modalities involved repeated applications over prolonged periods of time, a process that was cumbersome to both patient and physician. Furthermore, each treatment had its inherent complications and unacceptable recurrence rates. Radiation was insufficient on its own, with recurrence rates of 12.5% to 50%, and posed a risk of malignancy (22, 23) . Brachytherapy yielded high rates of late recurrence (24) and aesthetic outcome was poor. Intralesional corticosteroids led to the occurrence of telangiectasia, tissue atrophy (1,21), rebound effects and high recurrence rates (27) . Repeated debulking surgery was associated with a 100% recurrence rate (18) .
Cryotherapy required one to 20 sessions (29) and was associated with high recurrence rates. Carbon dioxide laser therapy was tested in small samples and required prolonged treatments (28). Prolonged pressure with magnets and silicone gel sheets had unpredictable outcomes (19, 20, 25) . In the present study, all of the above-mentioned problems were circumvented following total excision of the keloid, followed by a single application of 5-FU and botulinum toxin; the recurrence rate was only 3.75%. This could be attributed to the specific targeting of the underlying pathophysiology (32) (33) (34) (35) . Previous studies have demonstrated the inhibitory effect of a single application of 5-FU on fibroblasts, which permanently inhibited all factors promoting keloid formation (30) (31) (32) . This benefit of a single dose of 5-FU is also attributed to the fact that it was used prophylactically because the keloid was previously excised, contrary to other studies in which previous excision was not performed. The addition of a single application of botulinum toxin would also enhance the inhibitory effect on fibroblasts (7, 36) .
The treatment protocol in the present study was different from other treatment protocols. Combination of 5-FU with steroids reportedly treated the keloids (40) but repeat injections were required and some untoward effects of steroids were encountered. Addition of pulsed-dye laser to steroid and 5-FU reportedly yielded superior results (27) ; however, repeated treatments were required and the rates of erythema formation and recurrence were too high. Repeated injections of 5-FU without previous excision improved keloid eradication by 50% but at the cost of higher ulceration, pain, burning sensation, hyperpigmentation, sloughing and higher recurrence (33) (34) (35) . This is readily explained by the fact that 5-FU merely inhibits fibroblast function in synthesis and secretion of collagen; therefore, it would have no effect on collagen already formed. Thus, existing keloids need to be surgically excised for the 5-FU to have any effect, thus obviating the need for repeat injections in the present study.
5-FU was injected on postoperative day 9 to halt fibroblast function soon after completion of phase 1 of healing but before commencement of phase 2 in which collagen overformation ensues (8, 10, 39) .
There was no need to perform any laboratory tests because only 6% of the topically applied dose of 5-FU is absorbed -a dose insufficient to produce adverse systemic effects (30, 31) .
Because all keloids in the present series were previously treated by other surgeons, yet all recurred, their preintervention state was considered the control against which the results of our treatment was compared. There was no need in the present study to consider the ethical dilemma of treating only a segment of the keloid and leaving the rest untreated because the results of other treatment modalities were evident in the appearance of the keloid when patients presented for the study.
Regarding the three patients who experienced keloid recurrence, the underlying causative factor was probably increased tension. Not only would it overstimulate fibroblast proliferation and secretion (5,7), but would also make the subsequent injection of 5-FU more guarded (to avoid wound dehiscence). Wound closure without tension appears to be imperative in reducing recurrence rates, and available options may include more extensive undermining or the use of local flaps. Another option would be using alternative techniques in wound closure that reduce dermal tension (39) ; the author recommends they be used routinely later during the initial stage of keloid resection.
The untoward problems of late scar widening (10%) probably resulted from reduced collagen synthesis and resultant weakening of scar tissue (31, 33, 34) as a result of excess 5-FU. A delicate balance must be achieved with 5-FU dosing to avoid wound dehiscence and scar widening yet simultaneously to prevent recurrence. Further research and experience in adjusting the dose is needed.
Concomitant use of corticosteroids with 5-FU (40) is not recommended because there would be no scientific rationale to support this combination and, given the above-mentioned complications, would make it unjustifiable. However, topical application of silicone gels after the injection of 5-FU, which the author has started using in a few recent cases (unpublished data), may improve the cosmetic outcome (25) . The 3.75% recurrence rate in the present series is the lowest recurrence rate reported among similar studies (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . The author believes that minimizing tension on the wound will further reduce this recurrence rate.
Given the results of the present series, which to the author's knowledge involved the largest number of patients published to date, it is strongly recommended that 5-FU and botulinum toxin be routinely injected in wounds following resection of keloids.
ConCluSion
Keloids occasionally complicate wound healing and cause marked disfigurement. Different techniques have been used to treat keloids, but failure and recurrence rates remain unacceptably high. The author has used single injections of 5-FU and botulinum toxin nine days after keloid excision. The permanent inhibitory effect of 5-FU on fibroblasts following a single application led to a recurrence rate of 3.75%. Given the results of the present study, the authors recommend that 5-FU and botulinum toxin be routinely injected into scar tissue following resection of keloids.
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